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A protoplast has been defined (1) as ". . . the
structure derived from a vegetative cell by
removal of the entire cell Wall, or alterna-
tively, that part of the cell Which lies Within
the cell Wall and Which in some species can be
plasmolyzed away from it." Criteria (spherical
shape, osmotic sensitivity and failure to
demonstrate a cell Wall by immunoehemical,
chemical and biological methods) for the ful-
fillment of such a definition, have been pro-
posed (2). Where such criteria cannot be com-
pletely fulfilled, some authors prefer to use a
less specific term like spheroplast, "protoplast"
(n.h., quotation marks) or protoplast-hke
forms.
Bacterial protoplasts were first prepared and
maintained in a morphologically intact state
by Weibull (3). His method, using lysozyme
as the cell-wall-digesting agent, is applicable
to certain gram positive bacterial species.
Neither this method, nor many other methods
used in the formation of protoplasts from bac-
teria (1), have been useful in similar experi-
ments with fungi.
In 1914 Giaja (4) reported that the diges-
tive juice of the snail, Helix pomatia, attacked
the cell walls of fungi. The use of the digestive
juice of this snail in a medium osmotically
buffered with rhamnose enabled Eddy and
Williamson (5) to prepare stable protoplast
suspensions of Saccharomyces cerevisiae and
S. carlsbergensis. The literature on the subject
of fungal protoplasts has been recently sum-
marized by Villanueva (6). In spite of the
interest displayed in fungal protoplasts and
protoplast-like forms, the pot ho genie fungi
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have been almost entirely omitted from this
type of study. In 1964 Kobayashi, Friedman
and Kofroth (7) produced spheroplasts from
Candida albicans using the digestive juice of
the snail. Injection of rabbits with viable
C. albicans spheroplasts gave results similar
to those obtained by injection of rabbits with
unaltered cells of C. albicans, i.e. immediate
as well as delayed fever eventuating in death.
Infection of the kidneys due to C. albicans
was noted at necropsy.
While the present paper was in preparation,
Koch and Lange (5) published the first report
on the formation of protoplasts from derma-
tophytes. Using snail juice, they were able to
form protoplasts from a number of Trichophy-
ton and Micros porum species as well as Kero-
tinom.yces ajelloi, Ctenomyces serrotus and
Arthroderma curreyi. The authors not only
described the evolution of a protoplast from
a filament but also reported on the regeneration
of the protoplasts to typical mycelia when
protoplasts were transplanted onto appropriate
media.
The study of fungal protoplasts and other
cell-wall-deficient forms of fungi is almost
entirely a laboratory exercise. However, the
report (9) of protoplasts of Candida isolated
from a ease of endocarditis, although uncon-
firmed as yet, suggests a possible role of these
forms in disease processes.
The present paper is a demonstration of
protoplast-like forms from several species of
dermatophytes and a study of some factors
which affect their formation.
General Method
Cultures of dermatophytes, including T.
rubrum, T. mentagrophytes, T. gallinae, T.
megninii, T. cone ent ricum, T. schoenleinii,
T. tonsurans, T. ferrugineum, M. canis, M.
audouini,i, and M. gypseum, were grown in
Sabouraud broth containing eyeloheximide
and ehloramphenieol at room temperature and
with constant shaking. Most of the work re-
449
) : 
450 TilE JOURNAL OF INVESTIGATIVE DERMATOLOGY
ported here has been done with T. rubrum.
The growth was usually harvested after 2—3
days of incubation, fragmented in POreitrate
buffer of pH 5.8, by means of a VirTis homog-
enizer and centrifuged. The sediment was re-
suspended in sucrose-containing buffer so that
the final sucrose concentration was always
0.5M. Snail digestive juice* was added in
various amounts and more additions were
made as indicated.
Incubation was carried out at different
temperatures, and microscopic examinations
for protoplasts were done periodically using
standard hcmocytomcter counting chambers.
Further details are given below in individual
experiments.
a. Description of "protoplosts" of dermato-
phytes. The term "protoplasts" used in the
present study follows closely the definition of
Villanucva (6), namely, those structures
which have a modified cell wall resulting in a
spherical morphology when suspended in os-
motically buffered media and which exhibit
osmotic fragility. All 11 species of dcrmato-
phytes tested to date could be converted to
"protoplasts".
"Protoplasts" of dermatophytes were ob-
served by us as spherical cells, containing def-
inite internal structures such as vacuoles,
granules and other inclusions. The "proto-
plasts" ranged in diameter from 3 to lOt
with an average size of 75 (Figs. 1 and 2).
Such forms were never seen when dcrmato-
phytc suspensions were prepared in sucrose-
buffer alone (i.e., with no snail digestive juice
added) nor in examination of the snail juice
alone. Ordinary fungal spores could be readily
differentiated from "protoplasts" on the basis
of the above characteristics of size and inter-
nal structure. In spite of repeated attempts to
observe the protoplasts as they were being
formed, we have, as yet, been unsuccessful.
The spherical forms could be observed under
the microscope to "burst" when the external
osmotic pressure was reduced by diluting the
suspension with distilled water. This phe-
nomenon could be followed with regularity in
wet mounts when the water was run under the
* Sue d'Helix pomotia, Industrie Biologique
Francaise, 35—49 Quai du Moulin de Cage, Genne-
villicrs, Seine, France. The enzyme preparation
was kept frozen at —15 C until used.
covcrslip and was similar morphologically to
an occasional spontaneous "burst" (Figs. 3 and
4). However, when formed "protoplasts" were
placed into solutions of decreasing osmolarity
to determine the critical osmotic pressure,
we found some "protoplasts" present even in
sucrose-free buffer. This would indicate that
there is a rather wide range in susceptibility
of dermatophyte "protoplasts" to osmotic
shock.
b. Effect of concentration of snail digestive
juice on formation of "protoplasts". Two-day-
old broth cultures of T. rub rum were fragmented
and set up with different concentrations of
snail digestive juice in media containing 0.5M
sucrose and 0.01% cysteine (see below). Two
different lots of enzyme were used. The tubes
were incubated at room temperature and "pro-
toplast" counts were made after 4 hours.
Results
Our data (Table 1) clearly indicate that an
enzyme concentration of 10—25% (v/v) is
optimal for "protoplast" production. A con-
Fm. 1. "Protoplasts" of T. mentagrophytes. X1S0
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eentration of 50% not only does not result in
a greater yield but even suppresses formation.
There is some diminution of "protoplasts"
at a 5% enzyme concentration and a marked
diminution at still lower concentrations. On
the basis of these findings the enzyme con-
centration was kept at 10% in other studies.
c. Effect of cysteine on "protoplast" forma-
tion. Stimulation of the action of snail juice
by cysteine on yeast has been reported by
Burger, et ol (10). We have investigated the
effect of cysteine on "protoplast" formation
from T. rubrum as described below.
Three-day-old shake cultures of T. rubrum
were harvested, fragmented and suspended in
9 parts sucrose-buffer and 1 part of snail en-
zyme. Each strain was divided into three 5
ml portions which either received no cysteine
(0.05 ml of water) or received 0.05 ml of
freshly prepared, 1% or 5% aqueous cysteine
Frcs. 3 and 4. Spontaneous lysis of a "proto-
plast" of T. rubrum.
flo. 3. Before spontaneous lysis
HCI solution giving a final concentration of
either 0.01% or 0.05%. The tubes were well
mixed, incubated at room temperature for 4
hours and counted using a standard hemocytom-
eter.
Results
The results are presented in Table 2. It is
quite evident that the addition of 0.01% cys-
teine had a profound effect on "protoplast"
formation with some strains, resulting in a
9—17 fold increase in the "protoplast" count
after 4 hours of incubation. Increasing the
cysteinc concentration to 0.05% had no addi-
tional stimulatory effect on these strains. It is
equally evident that not all stains were stim-
ulated. As a result of this finding, 0.01% cys-
teine was routinely added in all studies on
"protoplast" formation.
d. Effect of temperature of incubation on
formation of fungal "protoplasts". Strains of
dermatophytes were suspended in 10% snail
digestive juice in 0.5M sucrose buffer and
0.01% cysteine divided into portions andFm. 2. Single protoplast of T. mentagro- . '
—
phijlcs, X322. incubated at 5 C, 25 C or 3j C for 3 hours.
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tion was carried out at 5 or 37 C as compared to
incubation at 25 C. The active enzymes in the
snail juice are apparently markedly inhibited at
the 2 extremes of temperature used. It is of
interest to note that once "protoplasts" had
been formed at 25 C, further incubation at 5 or
37 C had no effect on their number for at
least 24 hours.
e. Effect of agitation on "protoplast" for-
mation. Although it has been reported that
fungal protoplasts may be lysed by vigorous
shaking (1), Svihla, Schlenk and Dianko (11)
used gentle agitation in the formation of proto-
plasts from C. ntilis. We therefore decided
to study the effect of agitation on the forma-
tion of "protoplasts" from dermatophytes.
Suspensions of T. rubrum were prepared in
the usual manner, using 10% snail enzyme
and 0.01% cysteine in 10 ml quantities. The
suspensions were divided into 2 equal parts,
one 5 ml portion of which was allowed to re-
main undisturbed, while the other 5 ml por-
tion was placed in a 25 ml flask and shaken at
FIG. 4. After spontaneous lysis
TABLE 1
Number of "protoplasts" per ml from T. rubrum
using various concentrations of snail digestive juice
TABLE 2
Effect of cysteine HC1 on "protoplasts" formed/mi
(X103) from T. rubrum in snail juice
Enzyme Concentration, %
2550
0*
10
2,500 2,500
Strain
8463
LOR
WILL
8635
P113
TOG
8866
8870
8702
HIlt
800 10,000
5,000 72,000
En-
zymeLot
Num-
ber
7275
7275
7275
7275
7275
9362
9362
9362
9362
9362
Strain
Cysteine Concentration
0% 0.01% 0.05%
8702
8777
Ri
8929
8951
12
12
26
77
7
210
112
26
50
20
207
155
16
19
15
2
7,500
5,000
1,200
0
0
0
0
12,000
60,000
15,000
12,500
5,000
20,000
21,200
5,000
32,500
0
0
0
0
0
0
0
0
0
0
0
7,500
2,500
1,200
0
5,000
8,700
5,000
12,500
5,000
15,000
12,500
10,000
3,700
2,500
3,700
0
12,500
0
0
0
0
0
0
0
TABLE 3
Number of "protoplasts"/ml formed from
dermatophytes at different temperatures
* Less than 800/ml.
"Protoplasts" counts were done using hemo-
cytometer counting chambers.
Results
It can be seen (Table 3) that the number of
"protoplasts" formed was markedly reduced
(in the range of 50% to 100%) when incuba-
Organism
Temperature of incubation
SC 25C 37C
T. rubrum ,*'3307
T. rubrum 8224
T. rubrum *8398
T. rubrum 8584
T. mentagrophytes
T. meginii
T. gallinae
not done
not done
3,700
0*
not done
40,000
2,500
120,000 10,000
7,500 2,500
27,500 0
7,500 0
50,000 7,500
400,000 5,000
10,000 5,000
* Less than 2,500 "protoplasts" per ml.
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100 11/2 inch strokes per minute. Counts were
done after 4 hours' incubation at room tem-
perature.
Results
Table 4 indicates that there is a tendency to
increased formation of "protoplasts" when the
preparation is shaken. In some runs this in-
crease was as large as 3—10 fold but in others
the difference was less pronounced. Our con-
elusion is that moderate agitation of T. ru-
brum preparations not only does not have a
detrimental effect on "protoplast" formation
but has a moderate to marked stimulating ef-
fect.
f. Dynamics of "protoplast" formation in
dermatophytes. One- or two-day-old shake cul-
tures of T. rubrum were fragmented and sus-
pended in 10% snail enzyme-sucrose buffer
containing 0.01% cysteine and incubated at
room temperature in stationary preparations.
"Protoplast" counts were done at frequent in-
tervals in the usual manner.
TABLE 4
Effect of agitation on "protoplast" formation from
T. rubrum
Strain
No. of "protoplasts" (X10)
per ml.
Stationary
incubation
Incubation with
agitation
8702 Mi
8702 N
8702 M2
8777
REH
TRO
57
205
122
285
307
255
175
845
1200
415
427
490
TABLE S
Dynamics of "protoplast" formation. "Protoplast"
counts on 6 strains ofT. rubrurn (X103)
Strain
Hours of incubation
1 3 4 5 6 7 8 9 10 11 24
8777 0* 0 33 110 265 350370 372 307360205 402
ORT 0 0 0 15 30 15 35 27 45 27 27 50
8558 0 0 5 20 27 20 22 20 22 27 27 15
HIR 0 0 22 82 117 150 130 177 157 197 130
EMI 0 12 27 27 22 55 45 55 45 20 37
1 7 80 102137 135 160 215 227 187215 185
Our findings are shown in Table 5 and Fig.
5. Fig. 5 has been constructed from calculations
of the data in Table 5 by giving the maximum
"protoplast" count in each of the 6 experi-
ments the arbitrary rating of 100 and by giv-
ing proportionally lower ratings to the other
counts.
It is clearly apparent that with T. rubrum
the formation of a significant number of
"protoplasts" does not take place until 3—4
hours. The number of "protoplasts" formed
then increases logarithmically, reaching a
maximum after about 9 hours and decreasing
only slightly over the next several hours.
DISCUSSION
Atypical forms of bacteria, especially the
L-forms of Klieneberger (12), have been
shown to be of importance in human disease
(13) and have been receiving considerable
attention in recent years. Species of Myco-
plasma, morphologically similar to L-forms,
are under close study also (14).
Our interest in a search for atypical forms
of dermatophytes was stimulated by some ob-
servations we made in experimentally pro-
duced fungous infection of the feet in man.
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Results
* Less than 2,500 "protoplasts"/ml.
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We had noted that clinical disease at sites
deliberately blistered and exposed to fungi
may appear in some eases only after many
weeks or months following deliberate exposure
to fungi and in spite of repeatedly negative
microscopic and cultural examinations during
this long interval (15, 16). A search for phases
of fungi in these infections analogous to L-
forms of bacteria is in progress. The "proto-
plasts" of dermatophytes reported here, are in
vitro forms and, at this time, there is no evi-
dence that such "protoplasts" have any clinical
significance in "occult" fungous infection of
the feet.
Our observations confirm the work of Koch
and Lange (8), on the production of proto-
plasts from dermatophytes. Their study ap-
peared in print while this report was in prep-
aration. It appears likely that other pathogenic
fungi, such as the fungi causing systemic dis-
ease, will also show the property of in vitro
"protoplast" production. "Protoplast" forma-
tion from dermatophytes is not as complete as
has been reported from yeasts (5) where over
90% conversion to cell-wall-deficient forms
was observed. In not a single instance have we
observed such complete transformations. No
matter how many "protoplasts" were formed,
some fungous filaments always were present in
the suspension, many of them in morphologi-
eally unchanged form. The photomierographs
of Baehmann and Bonner (17) as well as those
of Koch and Lange (8) also indicate fungous
filaments remaining after protoplasts have
emerged.
The "protoplasts" observed by us probably
are a mixture of morphologically similar
structures, including "protoplasts" (osmoti-
cally sensitive) and spheroplasts (osmotically
resistant).
Our data indicate that certain conditions
such as temperature of incubation, concentra-
tion of enzyme, shaking of preparations and
presence of eysteine affect the number of
"protoplasts" formed. Perhaps other condi-
tions, as yet undetermined, are of importance
also. It should be noted that in studies, not
included here, we found that "preineubation"
of dermatophyte suspensions for 1 hour in a
solution of a mixture of commercially avail-
able enzymes (containing 1 mg/ml each of
lipase, eellulase, ehitinase, trypsin and lyso-
zyme) followed by washing and resuspension
in snail enzyme did not favorably affect the
quantities of "protoplasts" subsequently pro-
duced.
Not every attempt to produce "protoplasts"
was successful and apparently rather minute
variations in technic may affect the outcome
profoundly. For example, the manner of frag-
menting the fungous suspension was found to
be of great importance. At one time when our
mechanical homogenizer was out of order we
fragmented our dermatophyte cultures in glass
tissue grinders. During this time several at-
tempts to induce "protoplast" formation failed.
Subsequently, simultaneous tests under other-
wise identical conditions showed "protoplast"
formation in VirTis homogenizer suspensions
but not in tissue-grinder suspensions.
Attempts to obtain pure suspensions of
"protoplasts" free of mycelial elements thus
far have been unsuccessful. The techniques
tried were differential eentrifugation, filtra-
tion through filters of various pore sizes, filtra-
tion through cotton and glass wool and density
gradient centrifugation.
SUMMARY
"Protoplasts" were formed from each of 11
dermatophyte species tested, using snail di-
gestive juice and an osmotically stabilized
medium. Among the factors which were found
no influence "protoplast" formation were tem-
perature of incubation, concentration of
enzyme, shaking of preparations and presence
of eysteine. Greater variations in suscepti-
bility to osmotic shock than those reported
for protoplasts from bacteria suggest that the
variants produced in our experiments prob-
ably were structures with varying degrees of
cell wall deficiency.
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